Climax decreasers on the site, little bluestem (Schizachyrium scoparium) and sideoa ts grama (Bouteloua curtipendula),
In the Southern High Plains of Texas, rangeland fertilization tests have been restricted to short and mid-grass prairie species. No data are available concerning the effects of fertilizer on sandyland range forages in this area. An increased demand by feedlots for locally produced stocker cattle warrants that higher yields and better quality forage be produced on native ranges. In this area unfertilized rangeland forages seldom contain enough crude protein to meet the maintenance requirements of beef cows (Rodger and Box, 1967) .
On a sands range site in western Nebraska 15 lb/acre of N as NH,NOs did not increase forage production (Burzlaff et al., 1968) . When 30 and 60 lb/acre of N were applied, production increased over the control treatment. On a Valentine loamy sand, forage yields were increased 24 to 27% when low rates of nitrogen and phosphorus were applied (Warnes and Newell, 1969) . McIlvain (1961) agreed that herbage yields on sandyland range sites could be increased by fertilization, but the cost of fertilizer often exceeded the value of the additional forage produced.
McIlvain's (1961) study confirmed that phosphorus only enhanced forage production if nitrogen was supplied with it. Generally, phosphorus additions alone to rangeland forages do not substantially increase yields (Launchbaugh, 1962; Hull, 1963; McMurphy, 1970; and Vallentine, 1971) .
Little data in the Central Plains states are available concerning the effect of sulfur additions on rangeland herbage yields and forage quality. California annual grasslands, however, show dramatic responses to sulfur and nitrogen additions (Walker and Williams, 1963; Martin et al., 1964; Kay, 1966; and Conrad et al., 1966) .
The response of early successional grass species to fertilization is often quite different from climax species response (Rice et al., 1960) . Decreaser plant composition was increased because of fertilization in central Oklahoma (Graves and McMurphy, 1969) . Compositional changes in vegetation as affected by fertilization have been reported by other scientists. Hyder and Bement (1972) postulated that low rates of nitrogen, when applied to early successional stages on "goback" land, could "speed up" succession by causing the red tbreeawn (Aristida Zongiseta) stage to be bypassed.
This study was designed to test the effects of three nitrogenous fertilizers upon the crude protein content and yield of important grass species on a sandyland range site in west Texas.
Methods and Procedures
This research was conducted on a good condition sandyland range site 14.5 km north of Plains, Texas. This range site, common throughout the Southern High Plains, has been classified as being a portion of the High Plains Bluestem community (Allred, 1956) . Climax tall grasses on the site include sand bluestem (Andropogon hallii), little bluestem (Schizachyrium scoparium), and giant dropseed (Sporobolus giganteus), while fall witchgrass (Leptoloma cognatum), sand paspalum (Paspalum setaceum), purple threeawn (Aristida purpurea), sideoats grama (Bouteloua curtipendula), and sand dropseed (Sporobolus cryptandrus) are common. It is rare to find dense stands of tall grasses on this site as grazing has eliminated most of them. Forbs are common on the area as is sand shin oak (Quercus havardii) and sand sagebrush (Artemisia filifolia).
The soil of the study area is Brownfield-Patricia fine sand complex. An A horizon of 92% sand (12-20 inches thick) overlies a sandy clay loam B horizon with up to 40% clay. Rates of infiltration and water percolation into these soils are very rapid (5 inches+/hr) until water reaches the sub-soil. These soils are usually slightly calcareous with a pH from 7.0 to 7.5. Their fertility is also considered low (Dittemore and Hyde, 1960) . Without plant cover they are highly susceptible to wind erosion.
Climate of the area is warm-temperate and continental. Temperature extremes range from 44°C to -30°C with a growing season of nearly 200 days. Precipitation averages 40 cm/year with extremes of 15 cm to 58 cm/year. From June 2 through August 17, 1972, 17 cm of precipitation were received on the study area.
On June 2, 1972, 10 m2 plots were broadcast-fertilized with two rates of ammonium nitrate (33.5-O-O), ammonium phosphate-sulfate (16-20-o with 12% S), and ammonium sulfate (21-O-O with 23% S). Thirty and 60 kg/ha of actual N were applied in a randomized complete block design. In early August, 1972, the vegetation of three 1 m2 plots was clipped by species at ground level in each treatment plot. Samples were transferred to a drying room and dried 48 hours at 70°C. Total herbage biomass was determined prior to removing leaf 
Results and Discussion

Herbage Production
All nitrogen fertilizers significantly increased herbage production (Table 1 ). The 60 kg/ha of ammonium sulfate (AS) and ammonium phosphate-sulfate (APS) were most effective in increasing yield (Fig. 1 ). All other rates demonstrated herbage responses that were not significantly different. A marked increase in grass yield was found for all fertilized plots. The 60 kg/ha of N as ammonium nitrate (AN) did not produce significantly more grass than the 30 kg/ha of this fertilizer.
Forb and shrub yield data did not show as clear and consistent a response to fertilization as the grasses (Table 1) .
Thirty kg/ha of N as AN promoted forb yields, whereas the 60 kg/ha of N as AN produced least forb yield. The control (ON), 30 kg/ha of N as AS, and 60 kg/ha of N as APS gave similar forb yields. Even though no dramatic shrub yield responses were shown, there was a trend indicating fertilization to be detrimental to shrub production.
Of the species analyzed, sand dropseed yield was increased most by fertilization (Table 1) . Yield increases varied from 22 to 146% as a result of fertilization. The 60 kg/ha of N as AN, AS, and APS produced 766 kg/ha, 1309 kg/ha, and 1153 kg/ha of sand dropseed, respectively. This demonstrated that nitrogen alone was not adequate to stimulate maximum herbage response on these soils. The other "increaser" grass species-purple threeawn, fall witchgrass, and sand paspalumdid not respond as markedly to fertilization as did the dropseed. Yields of other grasses which included Eragrostis spp., Cenchrus sp., and other "invaders" increased due to fertilization.
Forb production on this sandyland site may be decreased by nitrogen applications in excess of 60 kg/ha of actual N. Mortality was observed in several perennial forbs on this site where over 60 kg/ha of N had been applied. With this Fig. 1. Typical view of an unfertilized (ON) sandyland range site (left) showing the low vigor of grasses. When 60 kg of N/ha asammonium sulfate (60 SJ wasadded (rightJ, a marked increase in grassgrowth, particularly sand dropseed, was noted. evidence, it appears that many forbs adapted to sandy soils cannot tolerate a high soil nitrogen content.
Protein Content of Forage
At the time of harvest crude protein concentration in the leaf tissue of the six grasses analyzed was significantly increased by all fertilizer treatments ( Table 2 ). In the control (ON), crude protein concentration averaged 8.03% whereas the 30 kg/ha of N and 60 kg/ha of N grasses averaged 10.46 and 11.21% crude protein, respectively. Per unit of forage, the 60 kg/ha of N as AN produced significantly higher quality forage. All crude protein concentrations in treatments with sulfur and phosphorus additions were similar.
When considering total quantity of protein produced by each fertilizer treatment, different results were obtained. For the grasses analyzed for crude protein, the control (ON), 30 AN, 60 AN, 30 AS, 60 AS, 30 APS, and 60 APS treatments produced forage which contained 93, 164, 168, 162, 249, 150 , and 237 kg/ha of protein. These data confirm that sulfur and phosphorus with 60 kg of N/ha are essential to promote a high total crude protein yield on this range site.
Although fertilization increased the crude protein content of the leaves of the grasses analyzed, each species responded to fertilization differently. All grasses, with the exception of purple threeawn, contained considerably more crude protein than did sideoats grama and little bluestem.
Conclusions
This research has demonstrated that fertilization of sandyland range forages in west Texas can significantly increase yields and crude protein concentration of the herbage. The importance of range condition as related to fertilizer response, however, cannot be overemphasized. Fertilization of low or even fair condition sandyland ranges facilitates vigorous growth of undesirable plants such as sandbur (Cenchrus spp.), false buffalograss (Mmrua squarrosa) and several annual lovegrasses (Eragrostis spp.). By promoting this undesirable plant growth, the better perennial forages are placed under additional stress because of insufficient soil water.
In addition, we speculate that if long dry periods follow the fertilizer application, nitrogen may be lost from the system through volatilization. Pilot fertilizer studies initiated in 197 1, characterized by a very dry and hot growing season, showed no herbage increases with late summer precipitation.
No response was noted in 1972 on these plots.
In summary, nitrogen applications alone on this sandyland range site are not adequate to produce a high total yield of crude protein. If the landowner was *interested in increasing yields yet maintaining a satisfactory quality forage, we would recommended an application of 30 kg/ha of N as ammonium sulfate. It is questionable whether phosphorus additions are beneficial on this site. Further testing, specifically on the role of sulfur nutrition as related to plant growth in this area, needs to be completed before concrete fertilizer recommendations can be made.
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